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The Use of Visible Implant Alpha Tags for Anuran Tadpoles
Amphibians are one of the most threatened groups of vertebrates in the world and are currently facing major declines due
to habitat loss, emerging infectious diseases, and climate change,
leading many species to extinction (Stuart et al. 2004). To face
this amphibian extinction crisis, there is an urgent need to gather
data on the demography and ecological characteristics of amphibian species (Wake 2007). In most of these studies, it is necessary to be able to identify individuals across time to study density,
growth trajectories, or habitat use. Date specific cohort marks
can be used for density estimates but when intending to quantify
growth, movement or survival, marks have to allow identifying
individuals. Such marks have to possess a set of characteristics.
First, it should allow each individual to be identified accurately.
Second, it should have a minimal impact on the individual and
should not affect behavior, survivorship and catchability.
A variety of techniques are available for individual recognition in amphibians. For adult anurans, toe clipping was the
method most commonly used since the 1950s (Martof 1953). It
has been shown to be well adapted and to have little impact for
some amphibian species (Grafe et al. 2011) and studies focusing on physiological indicators of distress show no increased
stress resulting from toe-clipping (Perry et al. 2011). One of the
drawbacks of toe-clipping is that it may have an effect on recapture and survival for some species (McCarthy and Parris 2004).
More recently, Passive Integrated Transponder (PIT tag) have
been proposed for amphibians (Brown 1997) and proved to be
particularly well suited. Nonetheless, PIT tags are still limited
in their use by their size and can only be inserted in adult amphibians of larger size (4 cm SVL). The use of color patterns via
picture identification (Kenyon 2009) has also been proposed as
an alternative technique for the identification of adult amphibians but requires a specific color pattern for each individual, as
e.g. found in tropical amphibian species. Finally, Visual Implant
Elastomers (VIE) may mainly be used for date specific cohort
marking. To allow individual recognition, VIE marks have to be
placed in distinct body parts or to be coupled with toe clipping
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(Hoffmann et al. 2008). Several marking procedures have been
employed in studies of larval amphibians including tail-clipping
(Turner 1960), staining of the entire tadpole (Travis 1981), coded
wire tags (Martin 2011) and picture identification (Ribeiro and
Rebelo 2011). Nonetheless, few of these techniques are suitable
for monitoring the entire lifespan of anurans from the tadpole to
the adult stage.
One alternative technique to mark amphibians both at the
adult and larval stage is VI Alpha tagging (© Northwest Marine
Technology Incorporation). VI Alpha tags are small rectangles of
an inert elastomer inscribed with an alphanumeric code. Tags
are available in four colors providing 2600 unique alphanumeric
codes. VI Alpha tags were initially developed for fishes (Karvonen
et al. 2004), but they have been successfully used with others organisms such as shrimp (Arce et al. 2003), or seahorses (Woods
2005). In the last five years, VI Alpha tags have been tested successfully for use on caecilians (Gower et al. 2006; Measey et al.
2001), urodeles (Osbourn et al. 2011), and anurans (Chelgren et
al. 2006; Heard et al. 2008; Pittman et al. 2008). None of these
studies were able to assess whether VI Alpha tags can allow following an individual through metamorphosis.
In this study, we evaluated the use of VI Alpha tags to mark
tadpoles of the anuran species Alytes obstetricans and tested
whether the mark remains after metamorphosis. More specifically, we aimed to assess whether these tags can be used for ecological studies using individual recognition in A. obstetricans by
determining: 1) the rate of tag loss, 2) the readability of the tag
across tadpole development until metamorphosis, and 3) the effect of such tags on survival rate.
Materials and Methods
Study species.—Alytes obstetricans, the Common Midwife
Toad, is a European species ranging from northern Portugal and
Spain in the south to southern Belgium and Central Germany
to the northeast. It is present throughout France, except in the
high Alps. It ranges from the sea line up to altitudes of 2400 m
in the Pyrenees. This species is known for its male parental care
behavior. The male carries a string of eggs wound on its hind legs
until they are ready to hatch. After three to six weeks, the male
releases the hatching larvae into suitable water habitat. Tadpoles
measure about 15mm just after hatching, but can reach up to 10
cm in total length before metamorphosis with a mean body size
of 2.3 (Standard Deviation = 0.4 cm; Courtois et al., unpubl. data).
VI Alpha tags.—VI Alpha tags (© Northwest Marine Technology Incorporation) are 1.2 × 2.7 mm tags (Fig. 1) that are
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subcutaneously inserted with a specific injector needle. Each
tag is coded with black letters and numbers on a fluorescent
colored background. In this study, we used tags with a yellow
background. After tagging, the unique code remains visible to
the naked eye under day light and readability can be enhanced
with UV-light (delivered by © Northwest Marine Technology Incorporation; Fig. 1).
We collected 90 tadpoles at Gosner Stage 25 (Gosner 1960)
from a large population in a trough in Balagué (Ariège, France,
42.963889°N, 1.025278°E) measuring 5.3 ± 0.7 cm in total length
(including tail) and weighting 1.5 ± 0.5 g. We tagged 30 tadpoles
on the ventral side and 30 dorsally, resulting in 60 tadpoles
marked in total. In half of the cases (15 tadpoles in each group),
we used a surgical glue to help healing and potentially prevent
tag loss.
Tadpoles were first immobilized by immersion in ice-cold
water (around 4°C) and were restrained by gently squeezing the
body between the thumb and index finger. A 3 µm wide needle
was used to make a small first incision in the epidermis and the
tag was inserted under the skin using the supplied needle injector. Whilst this instrument is designed for direct injection of VI
Alpha tags, prior creation of a skin incision expedited the injection process considerably (Heard et al. 2008). Tadpoles were handled with powder-free latex gloves during the tagging manipulation but no gloves were used in subsequent manipulation. We
did not experience any tadpole mortality related to the usage of
Latex gloves as found in other studies (Cashins et al. 2008), neither in the experiment described here nor in field research done
on the same species (Schmeller et al., unpubl. data).
VIE tags.—We marked 30 tadpoles with VIE (© Northwest
Marine Technology Incorporation) tags (orange) in the back in
order to compare mark loss and survival rate between these two
tag types. VIE are biologically compatible polymers which are
composed of a colorant and a curing agent. They are mixed in
equal quantity just before use, resulting in a liquid. The liquid is
then sucked into a syringe and injected dorsally under the skin
of the tadpole, where it solidifies to a permanent mark. The mark
remains visible with the naked eye, but visibility can be further
increased using UV-light.
Tadpole rearing.—The 90 tadpoles were kept together in an
aquarium with constantly filtered and aerated water at 18°C, pH
6.9, and a photoperiod of 10 hours of daylight. The aquarium was
cleaned and water was replaced once a week. The tadpoles were
fed after water replacement with fish food tablets (Tetra TabiMin). They were kept for six weeks in order to monitor both tadpole survival, tag loss until metamorphosis and readability after
metamorphosis. Once a week we recorded whether the VI Alpha
tag or the VIE tag was still present or not for each individual. We
defined tag retention as the percentage of tags in each group that
were still present at the end of the experiment (i.e., 42 days after
marking). For the VI Alpha tag, when the tag was present, we noted its degree of readability (index 0: not readable, index 2: readable only with UV-light, and index 3: readable under daylight),
and the Gosner stage of the tadpole (Gosner 1960). The Gosner
stage varied from 25 (no limb bud) to 46 (complete metamorphosis). When the tag was lost, the tadpole was released back into the
wild. When the tag was retained, the tadpole was released after
completion of metamorphosis, usually after five to six weeks.
Statistical analysis.—Binomial generalized linear models
(GLM) were run to explain tag retention at the end of the experiment as a function of place of injection (ventral or dorsal) and
use of glue, using the software package R (http://cran.r-project.
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Fig. 1. VI Alpha tag inserted on the ventral side of Alytes obstetricians
for a (A) tadpole and (B) recently metamorphosed frog when enhanced with UV-light.

Fig. 2. Cumulative percentage of tags lost out of 60 as a function of
the number of days after the injection when injected ventrally (in
light grey) or dorsally (in dark grey).

org/). The variable “presence” was binary, as either the tag was still
present (1) or lost (0). Similarly, the same type of model was used
to determine the effect of the factors “place of insertion” (dorsal or
ventral) and “surgical glue” (use or not) on the readability of the VI
Alpha tags. Readability was then defined as 0 when not readable
(index 0) and 1 when readable either with day light (index 3 defined previously) or UV-light (index 2 defined previously).
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Discussion
Here, we tested the usage of VI Alpha tags
for the marking of tadpoles of the species A.
obstetricans under laboratory conditions.
We found that tag retention was globally
low (75%), rendering this technique unsuitable for Capture-Mark-Recapture studies
on this species by introducing tag-loss bias.
A previous study on the use of VI Alpha tags
on amphibians demonstrated a level of
92.31% of tag retention for Litoria raniformis (Heard et al. 2008), which is comparable
to the tag retention in the group in which
we inserted VI Alpha tags ventrally and
used no surgical glue to close the insertion
(87%). Indeed, contrary to our expectations,
Fig. 3. Percentage of tags out of 60 that were not readable (black), readable only with UV
the use of surgical glue did not increase the
light (dark grey) and readable under daylight (light grey) for (A) tadpoles marked dorsally
retention rate and seems to be more painwithout glue, (B) tadpoles marked dorsally with glue, (C) tadpoles marked ventrally without
ful for tadpoles even under cold anesthetic
glue and (D) tadpoles marked ventrally with glue.
(Calvez and Lelong personal observation)
and we therefore advise against its use. To
Table 1. Readability (% of readable tags—i.e., with readability index 2
counterbalance tag loss, Heard et al. (2008) proposed to couple
or 3—at the end of the experiment) and tag retention (% of remainthe use of small VIE dot marks with VI Alpha tags in order to be
ing tags at the end of the experiment) 42 days after marking).
able to identify an individual as marked even if the VI Alpha tag
was lost, a suggestion also valid for A. obstetricans tadpoles as the
Readability (%)
Final tag
VIE-retention was 100% in our study.
		
retention (%)
The retention rate of the VI Alpha tags tended to be higher on
the
ventral than on the dorsal side, and additionally, the readGroup A (dorsal, without glue)
67
80
ability of the tags was significantly higher on the ventral side.
Group B (dorsal, with glue)
89
60
Hence, ventral insertion of the VI Alpha tags should be preferred
Group C (ventral, without glue)
100
87
in future studies, especially as VI Alpha tags were readable after
Group D (ventral, with glue)
91
73
metamorphosis. Future studies should assess whether VI Alpha
tags are readable in adult frogs that were marked as tadpoles. If
so VI Alpha tags may be useful in studies on breeding site fidelity,
Results
home range size, dispersal distances, infection load and habitat
selection of amphibians (Pittman et al. 2008). Nonetheless, it
In total, 15 tadpoles (25%) of the 60 individuals tagged with VI
should be noted that A. obstetricans tadpoles are especially large
Alpha tags lost their tag before metamorphosis of which 6 were
and tadpole marking in other species may not always be possible
marked ventrally and 9 dorsally. Tag retention tended therefore
with this technique.
to be higher on the ventral than on the dorsal side (Table 1) but
One advantage of VI Alpha tag compared to VIE is that only
this difference was not significant (GLM, Deviance = 0.15, P =
one injection is needed, as compared to multiple injections nec0.38). Of the 15 tags that were lost, 10 were sealed with surgical
essary for individual recognition using VIE-markers. Hence, the
glue and 5 were not, but the difference between groups was not
marking effort is strongly reduced per marking and recapturing
significant (GLM, Deviance = 0.41, P = 0.14). Tag loss was most
sessions, allowing for an increased number of marked individuimportant in the dorsal group during the first 7 days (6 out of
als and limiting the risk of mistaken identity. Readability of tags
9 tags lost), while tag loss in the ventral group was later with a
remains high (87%) even at the end of the experiment. Decrease
maximum during the second week (5 out of 6 tags lost; Fig. 2).
of readability during the development of the tadpole and after
The retention rate of VIE marked individuals was 100%.
the metamorphosis can be explained by the fact that tadpole
Overall, 100% of VI Alpha tags were readable immediately afskin becomes less transparent in tadpole of high Gosner stage
ter injection and an average of 87% were readable at the end of
and even less in post-metamorphic tadpoles. VI Alpha tags are
the experiment (Table 1). However, in 15 out of 45 cases UV light
also a good alternative to more expensive marking techniques
was needed to identify the VI Alpha tag code (readability index
such as PIT tags. It opens up the possibility to work with smaller2, Fig. 3). Our results show a higher readability on the ventral
sized amphibian species and larval stages as the minimum size
side than on the dorsal one (Table 2, GLM, Deviance = 0.43, P =
for VI Alpha tags is 2 cm for SVL compared to 4 cm for PIT tags.
0.046). The better readability of the ventral tags compared to the
Moreover, Alpha tags are flatter than PIT tags. Further, survival
dorsal tags was stable over tadpole development (Fig. 2). The use
rate was 100% and we therefore agree with the assessment of
of surgical glue did not affect the readability of the tags (GLM,
Heard et al. (2008) that VI Alpha tags are a promising alternative
Deviance = 0.03, P = 0.58).
to PIT tags for marking larval amphibians.
No tadpoles died during the experiment; the survival rate unFuture studies should be conducted to determine whether
der controlled condition was therefore 100% for both the VIE tag
the results observed in this study are the same under field condigroup and the VI Alpha tag group.
tions. Moreover, marking could change the subsequent behavior
Herpetological Review 44(2), 2013
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of tadpoles and make them more susceptible to disease or predation in the field (i.e. reduce their survivorship under field conditions). A field study may therefore be able to conclude on the
use of VI Alpha tag for A. obstetricans tadpoles marking.
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Using a Handheld PIT Scanner and Antenna System
to Successfully Locate Terrestrially Overwintering
Hatchling Turtles
The benefits of Passive Integrated Transponders (PIT) for
identification of individual wildlife have been well documented.
Originally used to determine movement of salmonids (Prentice
and Park 1983), PIT technology has been used with a variety of
reptiles and amphibians for spatial ecology studies. For example,
mark-recapture techniques were used in conjunction with PITs
to measure habitat use and movement of Brown Water Snakes
(Nerodia taxisplota; Mills et al. 1995) and the activity patterns
of arboreal geckos (Gehyra variegata; Gruber 2004). PITs do not
transmit a signal and cannot be located unless an antenna is
within close proximity.

While earliest studies with PITs in turtles involved sea turtles,
PIT injection into the body cavity of smaller freshwater adult
turtles was not considered until Buhlmann and Tuberville (1998)
injected young Trachemys scripta elegans with 12 × 2 mm PITs in
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